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(54) [Title of the Invention] Positive Electrode Active Material for Lithium 
Secondary Cell, and Lithium secondary Cell Featuring Same* 

(57) [Summary] 

[Object] To provide a novel lithium-containing positive electrode active material that can 
endow a lithium secondary cell with adequate cell characteristics and can be fabricated at 
a low cost, and to provide a highly economical lithium secondary cell that has excellent 
cell characteristics and is obtained using this material. 

[Means of Achievement] A lithium secondary cell, comprising a negative electrode 
composed of a material capable of electrochemically and reversibly absorbing and 
releasing lithium, a positive electrode, and a liquid electrolyte obtained by dissolving an 
electrolytic substance in a nonaqueous solvent, wherein a complex lithium/iron phosphate 
expressed by the compositional formula LixFe2P04 (where 0 < x < 1.0) is used as the 
active material for the positive electrode. 

[Claims] 

[Claim 1] A positive electrode active material for a lithium secondary cell, expressed by 
the compositional formula LixFeP04 (where 0 < x < 1.0). 

[Claim 2] A lithium secondary cell, comprising a negative electrode composed of a 
material capable of electrochemically and reversibly absorbing and releasing lithium, a 
positive electrode, and a liquid electrolyte obtained by dissolving an electrolytic 
substance in a nonaqueous solvent, wherein said lithium secondary cell is characterized in 
that the positive electrode contains a positive electrode active material expressed by the 
compositional formula LixFeP04 (where 0 < x < 1.0). 



' Translator's note: The corrections appended at the end of the original document have been incorporated 
into the translation. 
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[Detailed Description of the Invention] 
[0001] 

[Technological Field of the Invention] The present invention relates to a low-cost 
positive electrode active material for a lithium secondary cell capable of endowing a 
lithium secondary cell with excellent cell characteristics, and to a lithium secondary cell 
obtained using this material. 

[0002] 

[Prior Art] The recent reduction in the size and weight of electronic devices and the 
switch to portability have created a need for lightweight, high-capacity secondary cells, 
and development work is currently being done in this field. Amon^ such devices, lithium 
secondary cells are researched particularly actively because they are lighter and have a 
higher energy density than the conventionally employed nickel-cadmium secondary cells 
or lead secondary cells. Another advantage of lithium cells is that they are devoid of 
highly toxic contaminants such as cadmium and lead, and hence have low environmental 
impact. 

[0003] To fabricate a lithium secondary cell, it is necessary to add electrochemically 
releasable lithium in metal or compound form to the positive electrode active material 
and/or negative electrode active material. 

[0004] Lithium metal secondary cells in which lithium metal is directly used for the 
negative electrode are known as examples of lithium secondary cells containing lithium 
in their negative electrode active material, hi these cells, lithium-free barium oxide, 
molybdenum sulfide, or the like is commonly used as the positive electrode. In such 
lithium metal secondary cells, the lithium metal in the negative electrode segregates 
during charging, internal shorting tends to occur, the cycle life is reduced, and other 
problems are encountered. Although alloys of aluminum and lithium are used for the 
negative electrode in order to prevent such lithium metal segregation, this approach is 
flawed because the metal structure collapses and the cycle life is reduced with repeated 
cycles of lithium absorption and release. 
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[0005] Lithium ion secondary cells in which LiCo02, LiNi02, and other complex oxides 
of lithium and transition metals (hereinafter abbreviated as "lithium complex oxides") are 
used as the positive electrode active materials capable of raising the discharge voltage and 
improving cycle characteristics are also known as examples of lithium secondary cells 
with lithium-containing positive electrode active materials. In such cells, using lithium 
metal for the negative electrode is forgone in favor of using a carbonaceous material 
capable of electrochemically and reversibly absorbing and releasing lithium for the 
negative electrode, making it possible to prevent, among other things, internal shorting 
from occurring as a result of lithium metal segregation. In addition, the resulting lithium 
secondary cells have high energy density and extended cycle life because large amounts 
of lithium ions can be reversibly absorbed and released at a base potential close to that of 
Hthium metal. Consequently, lithium ion secondary cells constitute the major portion of 
currently used cells. 

[0006] Attempts have also been made to use Hthium complex oxides, normally employed 
in lithium ion secondary cells, as positive electrode active materials designed to improve 
the charge-discharge characteristics or cycle characteristics of lithium metal secondary 
cells. 

[0007] 

[Problems Which the hivention Is Intended to Solve] However, LiCo02, LiNiOi, and 
other lithium complex oxides are expensive to produce and represent an obstacle to 
reducing the manufacturing costs of lithium secondary cells (lithium metal secondary 
cells, lithium ion secondary cells, and the like). 

[0008] An object of the present invention, which was perfected in order to overcome the 
shortcomings of the prior art, is to provide a novel Hthium-containing positive electrode 
active material that can endow a lithium secondary cell with adequate cell characteristics 
(charge-discharge characteristics and the like) and can be fabricated at a low cost, and to 
provide a highly economical lithium secondary cell that has excellent cell characteristics 
and is obtained using this material. 
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[0009] 

[Means Used to Solve the Above-Mentioned Problems] The inventors perfected the 
present invention upon discovering that the stated object can be attained by the use of a 
complex phosphorus salt^ of Uthium and iron as a positive electrode active material. 

[0010] Specifically, the present invention provides a positive electrode active material 
for a lithium secondary cell expressed by the compositional formula LixFeP04 (where 
0<x< 1.0). 

[001 1] The present invention also provides a lithium secondary cell comprising a 
negative electrode composed of a material capable of electrochemically and reversibly 
absorbing and releasing lithium, a positive electrode, and a liquid electrolyte obtained by 
dissolving an electrolytic substance in a nonaqueous solvent, wherein this lithium 
secondary cell is characterized in that the positive electrode contains a positive electrode 
active material expressed by the compositional formula LixFeP04 (where 0 < x < 1 .0). 

[0012] 

[Embodiments of the Invention] The present invention will now be described in detail. 

[0013] The inventive positive electrode active material for a lithium secondary cell is a 
complex lithium/iron phosphate expressed by the compositional formula LixFeP04 
(where 0 < x < 1 .0), as described above. The Li in the compositional formula can be 
electrochemically released and reversibly absorbed. This active material is much less 
expensive than a conventional lithium complex oxide because it is free of cobalt or other 
expensive metals and can be produced using simple procedures, as described below. The 
positive electrode active material of the present invention can therefore reduce the cost of 
producing a lithium secondary cell that has a comparatively high and stable operating 
potential and possesses excellent cell characteristics such as discharge characteristics and 
cycle characteristics. 



^ Translator's note: Referred to as "phosphate" elsewhere in the document. 
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[0014] The value of x in the compositional formula of the inventive positive electrode 
active material for a lithium secondary cell is such that the amount in which Li is 
reversibly released from the positive electrode active material and is absorbed by the 
material has a stoichiometric maximum at x = 1.0. Consequently, the range for is 
0 < X < 1 .0, but because it is proportional to cell capacity, the x-value should be as close 
to 1 as possible, and preferably 0.5 or greater (that is, 0.5 < x < 1.0). 

[0015] The LixFeP04 used as a positive electrode active material in accordance with the 
present invention can be produced by a variety of methods. An example is a method in 
which ferrous phosphate, ammonium hydrogen phosphate, and lithium carbonate are 
mixed and baked. According to a specific example, ferrous phosphate octahydrate 
(Fe3(P04)2 • 8H2O), ammonium hydrogen phosphate ((NH4)2HP04y, and lithium 
carbonate (Li2C03) are first mixed in a prescribed proportion and are then baked in a 
nitrogen atmosphere. 

[0016] Following is a description of a lithium secondary cell obtained using the above- 
described positive electrode active material for a lithium secondary cell in accordance 
with the present invention. 

[0017] The lithium secondary cell of the present invention comprises a negative 
electrode composed of a material capable of electrochemically and reversibly absorbing 
and releasing lithium, a positive electrode, and a liquid electrolyte obtained by dissolving 
an electrolytic substance in a nonaqueous solvent, with LixFeP04 (where 0 < x < 1.0) 
being used as the active material for the positive electrode. 

[001 8] A conventional conductive agent, binder, or the like can be added during the 
production of the positive electrode. 

[0019] Examples of materials capable of electrochemically and reversibly absorbing and 
releasing lithium include lithium metal; lithium alloys; aluminum metal and other metals 
capable of alloying with lithium; carbonaceous materials such as pyrolytic carbons, coke 
(pitch coke, needle coke, petroleum coke, and the like), graphite, glassy carbon, baked 
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organic polymer compounds (materials obtained by baking and carbonizing phenol resins, 
fliran resins, and the like at appropriate temperatures), carbon fibers, and activated 
carbon; metal oxides such as titanium oxides, tungsten oxides, molybdenum oxides, 
niobium oxides, and vanadium oxides; metal chalcogenides such as iron sulfide, 
molybdenum sulfide, and titanium sulfide; and metal nitrides such as lithium iron nitride. 
Of these, the carbonaceous materials used in conventional lithium ion secondary cells 
should preferably be used for the positive electrode because these materials do not form 
lithium dendrites. 

[0020] The nonaqueous electrolytes can be the same materials as those used for 
conventional nonaqueous lithium secondary cells. Examples of nonaqueous solvents 
considered preferable for nonaqueous electrolytes include propylene carbonate, ethylene 
carbonate, butylene carbonate, vinylene carbonate, ;^butyrolactone, sulfolane, 

1.2- dimethoxyethane, 1 ,2-diethoxyethane, 2-methyltetrahydrofuran, 3-methyl- 

1.3- dioxolane, methyl propionate, methyl butyrate, dimethyl carbonate, diethyl carbonate, 
and dipropyl carbonate. In particular, the following solvents are preferred because of 
considerations related to voltage stability: propylene carbonate, ethylene carbonate, 
butylene carbonate, vinylene carbonate, and other cyclic carbonates, as well as dimethyl 
carbonate, diethyl carbonate, dipropyl carbonate, and other chain carbonates. These 
nonaqueous solvents can be used singly or as combinations of two or more solvents. 

[0021] LiC104, LiAsFe, LiPFe, LiBF4, LiCFaSOa, LiN(CF3S02)2, and the like can be 
used as the electrolytic substances dissolved in nonaqueous solvents. Of these, LiPFe and 
LiBF4 are particularly preferred. 

[0022] The inventive cell is not subject to any particular limitations in terms of cell 
shape. Cylindrical, angular, coin, button, and other shapes may be used. 

[0023] As described above, the lithium secondary cell of the present invention can be 
obtained using a compoimd expressed by the compositional formula LixFeP04 (where 
0 < X < 1.0) as the positive electrode active material. This positive electrode active 
material can be easily obtained on a commercial scale, and because the principal 
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constituent element is iron, the product is inexpensive and provides excellent economic 
advantages. 

[0024] Another feature is that because the positive electrode active material of a lithium 
secondary cell obtained using a complex lithium/iron phosphate as the positive electrode 
active material contains electrochemically and reversibly releasable and absorbable 
lithium, a lithium ion secondary cell can be obtained by employing a carbonaceous 
material or the like as the negative electrode without using a dendrite-forming material 
such as lithium metal. It is therefore possible to obtain a longer cycle life, to accelerate 
charging, and to reduce the rate of discharge. 

[0025] 

[Working Examples] The present invention will now be described in further detail 
through working examples. 

[0026] Working Example 1. Synthesis of Positive Electrode Active Material 

LixFeP04 (where x = 1.0) was prepared as a positive electrode active material by 
mixing ferrous phosphate octahydrate (Fe3(P04)2 • 8H2O), ammonium hydrogen 
phosphate ((NH4)2HP04), and lithium carbonate (Li2C03) in a molar ratio of 2:2:3, and 
baking the resulting mixture for 20 hours at 800°C in a nitrogen atmosphere. Fig. 1 
shows the powder X-ray (Cu Ka line) diffraction pattems of this compound. 

[0027] Fabrication of Positive Electrode The positive electrode active material thus 
obtained, carbon black (conductive agent), and fluororesin powder (binder) were 
thoroughly mixed in a mortar in amounts of 80 wt%, 15 wt%, and 5 wt%, respectively; 
and the resulting mixture was pressure-molded on an aluminum mesh with a diameter of 
16 mm, yielding a positive electrode plate. 

[0028] Fabrication of Lithium Secondary Cell The coin cell (outside diameter: 20.0 mm, 
thickness: 2.5 mm) shown in Fig. 2 was fabricated in the following manner. 
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[0029] A negative electrode 1 stamped from a rolled lithium sheet, and a positive 
electrode 2 composed of the above-described positive electrode plate were placed, 
respectively, in a negative electrode cell jar 4 and a positive electrode cell jar 5 with a 
separator 3 interposed therebetween, and crimped with a sealing gasket 6, yielding a 
lithium secondary cell. The separator was composed of a polypropylene nonwoven fabric 
impregnated with a liquid electrolyte obtained by dissolving LiPFe in a ratio of 1 mol/L in 
a mixed solvent (volume ratio = 1:1) composed of propylene carbonate and dimethyl 
carbonate. 

[0030] Working Example 2 

A lithium secondary cell was fabricated in the same manner* as in Working 
Example 1 except that the negative electrode 1 was obtained by a method in which carbon 
(poorly graphitized carbon obtained by baking furfuryl alcohol) and fluororesin powder 
were mixed in a weight ratio of 9:1, and the resulting mixture was pressure-molded into a 
disk on an SUS mesh with a diameter of 16 mm in accordance with the fabrication 
procedures adopted for the positive electrode in Working Example 1. 

[0031] Working Example 3 

A lithium secondary cell was fabricated in the same manner as in Working 
Example 1 except that the negative electrode 1 was obtained by a method in which 
titanium dioxide powder (Ti02, anatase type), carbon, and fluororesin powder were 
mixed in a weight ratio of 80:15:5, and the resulting mixture was pressure-molded into a 
disk on an SUS mesh with a diameter of 16 mm in accordance with the fabrication 
procedures adopted for the positive electrode in Working Example 1. 

[0032] Testing of Cell Characteristics The discharge characteristics of the cells obtained 
in the working examples were measured by performing repeated charging and discharging 
such that the cells were charged and discharged at a constant current (0.5 mA/cm ). 

[0033] Fig. 3 shows the charge-discharge characteristics of the cell obtained in Working 
Example 1 . It can be seen in Fig. 3 that the cell of Working Example 1 has a flat 
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operating voltage in the vicinity of about 3.5-3.0 V, can withstand reversible charging 
and discharging, and possessfes stable cell characteristics. 

[0034] Fig. 4 shows the charge-discharge characteristics of the cell obtained in Working 
Example 2. It can be seen in Fig. 4 that the cell of Working Example 2, in which the 
positive electrode active material contains electrochemically and reversibly releasable and 
absorbable lithium, operates as a so-called lithium ion secondary cell despite the use of a 
lithium-free carbon negative electrode. 

[0035] It can also be seen that, compared with the cell of Working Example 1, the cell of 
Working Example 2 gradually lowers its operating voltage over time, albeit slightly. This 
is attributed to the fact that poorly graphitized carbon with low crystallinity is used as the 
negative electrode. Stable discharge characteristics can be expected to be obtained by 
employing graphite or another highly crystalline carbonaceous material as the negative 
electrode. 

[0036] Fig. 5 shows the charge-discharge characteristics of the cell obtained in Working 
Example 3. It can be seen in Fig. 5 that the cell of Working Example 3, in which the 
positive electrode active material contains electrochemically and reversibly releasable and 
absorbable lithium, operates as a lithium ion secondary cell because of the use of lithium- 
free titanium dioxide as a negative electrode. In addition, the titanium dioxide used for 
the negative electrode has an electrode potential of about 1.7 V with respect to lithium 
metal, allowing the cell of Working Example 3, which was obtained by combining this 
material with LixFeP04, to exhibit a stable operating voltage of about 1 .8 V, as can be 
seen in Fig. 5. 

[0037] 

[Merits of the Invention] The present invention can yield a lithium secondary cell that 
has excellent cell characteristics and provides exceptional economic advantages. 
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[Brief Description of the Figures] 

[Figure 1] A powder X-ray diffraction pattern of the positive electrode active material 
prepared in Working Example 1. 

[Figure 2] A cross-sectional view of the lithium secondary cell fabricated according to 
working examples. 

[Figure 3] A charge-discharge characteristic diagram of the lithium secondary cell 
obtained in Working Example 1. 

[Figure 4] A charge-discharge characteristic diagram of the lithium secondary cell 
obtained in Working Example 2. 

[Figure 5] A charge-discharge characteristic diagram of the lithium secondary cell 
obtained in Working Example 3 . 

[Key] 

1: negative electrode, 2: positive electrode, 3: separator, 4: negative electrode jar, 
5: positive electrode jar, 6: sealing gasket 
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[Key to figure 1: Intensity (cps)] 
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